[1] El Niño influence on the Euro-Mediterranean Rainfall (EMedR) has changed along the 20th century, and the reasons for this lack of stationarity, which represents an important issue in the climate change context, are still unclear. Here, the causes of this changing relationship are studied at interannual timescales. To this aim the EMedR is analyzed using observations from 1900 to 2008. Results confirm the lack of stationarity, showing how the teleconnections with El Niño appear modulated by multidecadal oscillations of the anomalous Sea Surface Temperature (SST) over the Atlantic and Pacific basins. The study presents statistically significant evidences about how the Atlantic Multidecadal Oscillation (AMO) seems to modulate El Niño teleconnection for late winter-spring, while modulation in fall could be controlled by the Pacific Decadal Oscillation (PDO). The results of this study have important implications in seasonal and decadal predictability, but they also represent a step forward in the understanding of the role of changes in the ocean mean state on the interannual teleconnections.
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Introduction
[2] El Niño-Southern Oscillation (ENSO) is the globally dominant climate mode at interannual timescales. Its influence over the Pacific and the tropics has been thoroughly analyzed [Harrison and Larkin, 1998; Alexander et al., 2002; Diaz and Markgraf, 2000; Wang, 2004; Wang and Picaut, 2004; McPhaden et al., 2006] . Nevertheless, over the North Atlantic sector, most of the studies point out to the North Atlantic Oscillation (NAO) as the leading pattern controlling its atmospheric variability. The NAO exerts its influence through Sea Level Pressure (SLP) fluctuations between the subpolar and the subtropical North Atlantic basin, modifying the stormtracks that reach the EuroMediterranean region [Rogers, 1997] , and hence, the precipitation [Rodwell et al., 1999; Hurrell et al., 2003 ]. An interesting point is that, at interannual timescales, the regional atmospheric spatial pattern at surface levels over the Euro-Atlantic region associated with the Pacific El Niño presents a similar structure to the one associated with the NAO [Brönnimann, 2007; García-Serrano et al., 2011] . In this way, although most of the NAO signal has an internal origin, external contributions associated with Sea Surface Temperature (SST) changes in the Pacific can have a determinant impact on the centers of action of the NAO. There are two possible ways to explain El Niño influence on the North Atlantic sector: by Rossby waves propagation due to changes in anomalous upper level convergence and divergence, or through the Walker and Hadley circulations [Wang, C., 2002; Brönnimann, 2007] . A global teleconnection pathway from the Pacific region to Europe via the stratosphere has also been showed [Ineson and Scaife, 2009] . However, these signals are less well understood than those influencing on the Pacific due to the highly variable extratropical circulation of the Atlantic basin [Trenberth et al., 1998; Quadrelli and Wallace, 2002] .
[3] Previous studies have found nonstationary features in the impact of ENSO and NAO over Europe along the 20th century. These studies include interdecadal shifts in the location of NAO centers [Vicente-Serrano and López-Moreno, 2008] , different impacts of ENSO before and after the 1970s [Greatbatch et al., 2004] , multidecadal variations in the relationship between ENSO and the western Mediterranean rainfall [Mariotti et al., 2002] , or a changing ENSO impact depending on the NAO and multidecadal oscillations of the SST over the Pacific [Zanchettin et al., 2008] . However, none of these studies has restricted the analysis to the internannual signal, distinguishing in this way the multidecadal modulation of the interannual variability from the purely multidecadal variability not removed in the analysis.
[4] The present study focuses, for the first time, on the role that natural multidecadal modes, such as Atlantic Multidecadal Oscillation (AMO) [Enfield et al., 2001] or Pacific Decadal Oscillation (PDO) [Mantua et al., 1997] play in the modulation of the El Niño influence on the leading interannual mode of the EMedR. Two remaining issues, which are still under debate, are analyzed in this paper: 1) the El Niño impact over the Euro-Mediterranean climate variability at interannual timescales; 2) the stationarity of this El Niño impact and related sources.
[5] The paper is divided as follows. Section 2 presents the data used and the methodology followed. In section 3 the results are showed. Finally, in section 4, a brief summary and discussion are presented, attempting to give some physical hypothesis supporting the non stationary relationships identified.
Data and Methods
[6] This work is performed analyzing gridded data and climate indices along the 20th century, all provided by observational databases and avoiding the use of reanalysis products due to errors and limitations inherent in the reanalyzed climate dataset.
[7] The variables analyzed are precipitation, Sea Level Pressure (SLP) [Schneider et al., 2008] from 1901 to 2007, are used. Both databases are land-only and cover a global gridded domain with a 0.5 Â 0.5 lat-long resolution. SLP comes from NCAR [Trenberth and Paolino, 1980] , from 1899 to 2008 (0.5 Â 0.5 lat-long resolution), while SST comes from two different datasets: ERSSTv3 [Smith et al., 2008] from 1854 to present (2°Â 2°lat long), and HadISST1 [Rayner et al., 2003 ] from 1870 to present (1°Â 1°lat long).
[8] Regarding the climate indices, Niño3.4, Atlantic Multidecadal Oscillation (AMO) and Pacific Decadal Oscillation (PDO) are used in this study. Niño 3.4 index has been calculated with the SST databases mentioned above, computing the SST anomaly in the Equatorial Pacific region [5°S -5°N, 170°W-120°W]. Also with these SST datasets, AMO index is obtained as the ten-year running mean of detrended Atlantic SST anomalies north of the equator [Enfield et al., 2001] ; and PDO index is defined as the leading principal component of November to March detrended SST anomalies for the Pacific north of 20N latitude [Mantua et al., 1997] .
[9] In a preliminary study, the rainfall variability of the 12 possible 3-months seasons of the year, from JFM to DJF, is analyzed. The analysis is focused on the interannual seasonal precipitation over the Euro-Mediterranean region (iEMedR, [24°N-68°N, 15°W-35°E]), retaining the high frequency variability by computing the difference between the rainfall scores of one year and the next [Stephenson et al., 2000] . This interannual filtering has been also applied for the SST and SLP (iSST and iSLP respectively). In a second step, the spatially coherent patterns that maximize the variance (thereafter called as "modes") of the iEMedR are determined in a linear way by applying a Principal Component Analysis (PCA/EOF [Von Storch and Zwiers, 2001] ), as is suggested by Zanchettin et al. [2008] . Although they point to a switching behavior of ENSO effects driven by the Pacific Decadal Oscillation (PDO), they propose to focus on a few leading empirical orthogonal functions to reduce the degrees of freedom. Here, regression maps are computed projecting the iEMedR, iSST, and iSLP, onto the leading Principal Components (PC1s), and highlighting those gridpoints with significant correlation scores between the anomalous timeseries and the PC1s. Looking for the stationarity of El Niño impact, sliding windows correlation analysis between the PC1 and the Niño3.4 index is applied. Finally, periods with or without significant correlations are analyzed separately. Along the whole study, 95% confidence level of significance, which is determined by a non parametric Monte Carlo test with 400 permutations, is chosen.
Results
[10] We start by examining how the variability of the iEMedR has been organized during the whole 20th century. EOF analysis of this field is applied for all the possible 3-months seasons of the year, obtaining a similar spatial pattern for all of them. The leading mode is clearly separated (following North et al. [1982] ) from the second one, for late winter-spring and fall months (Figures S1 and S2 in the auxiliary material).
1 For this reason, as representative of these two seasons, the analysis is focused in FebruaryMarch-April (FMA) and October-November-December (OND). In particular, for FMA, the associated spatial pattern (Figure 1a ) presents significant scores in central Europe, including the British Islands, opposite in sign to those over the Mediterranean region and northwestern Africa. In OND (Figure 1d ), the leading mode is broadly similar to that obtained for FMA, although the Northern Scandinavia center gets significant and the Mediterranean center gets weaker. The regression of the anomalous iSST onto the PC1 (Figure 1c ) presents, for FMA, a significant structure over the tropical Pacific in an El Niño type configuration, with the maximum anomalies over the Niño3.4 region. Over the North Pacific, an extratropical horseshoe pattern appears. Despite the similarities in the leading iEMedR mode for FMA and OND, the projection of the anomalous iSST onto the OND PC1 does not show any significant pattern over the tropical Pacific, although the map reveals an El Niño signal (Figure 1f ). In both seasons the PC1s present a lack of stationarity in their variability, as it can be seen in the statistically significant changes in its variance along the 20th century (Figures 1b and 1e) . In this way, and taking into account El Niño signal in the iSST regression maps, decadal changes in the PC1s amplitude could be related to changes in its relationship with the tropical Pacific, indicating a non stationary relationship with El Niño, in agreement with previous studies [Mariotti et al., 2002; Knippertz et al., 2003; Greatbatch et al., 2004] . To assess the stationarity of this El Niño-iEMedR relationship, 21-year window moving correlations between PC1s and Niño3.4 index are computed for the whole 20th century (Figure 2) , obtaining how the evolution of these correlations exhibits a clear multidecadal periodicity. Different windows are tested ( Figure S3 ) and the results remain the same. On the one hand, for FMA, significant correlations appear in the beginning of the 20th century and after the 1960s, but not in the 1940s and 1950s. A highlighting result is the fact that these correlations evolve in phase with a low frequency SST pattern that agrees with the Atlantic Multidecadal Oscillation (AMO index, gray line in Figure 2 (bottom); see also regression map in Figure S4 in the auxiliary material). Another important result is how in OND the correlations evolve in phase with the Pacific Decadal Oscillation (PDO index as a gray line in Figure 2 (top) and regression map in Figure S4 in the auxiliary material), except for the last positive phase of PDO after Figure 1 
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the 1970s, when the correlations do not reach the significant level. In the case of FMA, correlations with the Niño3.4 index appear significant only for negative phases of the AMO, but not for positive ones. In OND, the correlations are significant in both, negative and positives phases of PDO (except after the 1970's). It is important to mention that this multidecadal modulation of El Niño influence on the leading iEMedR mode in FMA and OND by both, AMO and PDO, occurs broadly for all the late winter-spring months and for all the fall months respectively (Figure 2 (middle) and Figure S5 in the auxiliary material). The next question is to try to formulate a hypothesis about the mechanism by which the link between El Niño and iEMedR changes at multidecadal timescales for each of the considered seasons. To this aim, periods with or without significant correlations with the Niño3.4 index are analyzed separately, including in the analysis SLP data, which is the only available atmospheric variable with observations for the whole 20th century. For those years within an AMO negative phase (Figures 3a-3c) , the iSST regression map projects an El Niño pattern over the Pacific, while over the Atlantic basin, the significant areas resemble the SST signal of the meridional gradient mode proposed by Wang, C. [2002] . The iSLP pattern presents a quadrupolar structure in the North Atlantic with a strong center over the Iberian Peninsula and Northern Africa. Over the Pacific, a positive significant center appears in the tropical region, reflecting the typical Southern Oscillation (SO) pattern. Nevertheless, for those years within positive AMO phase (Figures 3d-3f) , when the El Niño-iEMedR relationship disappears, no El Niño signal is found in the ocean, the precipitation pattern weakens, and the iSLP pattern is confined to the Atlantic-European region resembling a NAO structure, mainly related to internally driven changes in the zonal flow.
[11] Similar analysis for the leading mode of OND shows the same precipitation pattern opposite correlated with El Niño phenomenon (Figures 4a-4f ) depending on the PDO phase. In this way, the rainfall pattern obtained before the 1940s (positive phase of the PDO) in relation to a warm SST tongue in the tropical Pacific, appears after the 1940s (negative phase of PDO) in relation to a cold SST tongue; and the opposite. The iSST anomalies and the iSLP spatial patterns are broadly similar over the extratropics, except for the western Pacific and Asia iSLP signal, which could be associated with different atmospheric sources for this tropical-extratropical connection. After the 1970s (Figures 4g-4i) , when another positive phase of PDO occurs, no significant El Niño signal appears and the precipitation pattern decreases with respect to the one identified in the positive phase of PDO before the 1940s.
Summary and Discussion
[12] This paper deals with the non stationary relationship between El Niño and iEMedR along the 20th century, focusing the analysis in "late winter-spring" and in fall seasons. The leading mode of the interannual rainfall presents a tripolar spatial structure with increased precipitation over central Europe, and the opposite over Northern Scandinavia and the Mediterranean. This mode is significantly related to El Niño in a nonstationary way, presenting a multidecadal modulation. Hence, the spatial projection of the anomalous iSLP onto this leading mode depends also on the decades considered and, for those decades in which the leading PC does not correlate with El Niño, the iSLP patterns presents a zonally symmetric structure, suggesting a configuration associated with internally driven changes in the zonal flow. On the opposite side, for those decades in which the leading PC correlates with El Niño, the iSLP pattern suggests the presence of a tropical forcing. This result agrees with Ting et al. [1996] , who showed that the extratropical climate anomalies over the northern hemisphere could be understood as a linear combination of teleconnections associated with changes in the zonal mean flow and the ENSO states. This study also agrees with the fact that changes in the location of the anomalous tropical heat source would be producing differences in the extratropical teleconnection [Ting and Sardeshmukh, 1993] .
[13] Multidecadal changes in the ENSO-EMedR relationship have also been found for these seasons by other authors [Mariotti et al., 2002 , Knippertz et al., 2003 , Greatbatch et al., 2004 , but none of them point to a specific multidecadal pattern as modulator of ENSO teleconnections. Using different methodologies and periods than the above mentioned authors, the present study adds a relevant result to the state of the art, which is the fact that the correlation between the leading interannual rainfall mode and El Niño appears modulated in phase with multidecadal variability patterns, such as AMO and PDO. In late-winter and spring, significant correlations with El Niño appear during negative phases of the AMO, being stronger over central Europe and the Mediterranean, whilst for positive phases of the AMO, the rainfall pattern is weaker. On the basis of this result, a possible mechanism to explain the role of AMO modulating the El Niño-iEMedR relationship in FMA, can be found from the study of Wang, C. [2002] due to the similarities in the SST patterns. Although the location of the centers of action could be different, the iSLP configuration identified here over the Pacific (Figure 3) is coherent with the WalkerHadley mechanism [Wang, C., 2002; Cassou and Terray, 2001] as the one linking the SSTs anomalies in the Atlantic and Pacific basins. Therefore, this Walker-Hadley mechanism could be enhanced during negative phases of AMO, getting significant the El Niño-iEMedR teleconnection. For positive phases of AMO, this mechanism is not effective and, thus, internal variability appears as the dominant mechanism. Our results also agree with Sutton and Hodson [2003] , who suggested that the influence of the ocean on the interannual variability of the North Atlantic climate may have two causes: first, variations in the strength of ENSO, and second, SST changes in the Atlantic Ocean. In fall, the factor modulating the El Niño-iEMedR relationship points to decadal variability of the SST over the Pacific, appearing significant correlations for both, negative and positives phases of the PDO index. It is interesting how, in this case, the same rainfall structure is significantly correlated or anticorrelated with El Niño depending on the phase of the PDO. This change in the El Niño-iEMedR teleconnection could be associated with the reported decadal changes in El Niño behavior due to variations in the background state of the Pacific ocean [Wang, 1995; Wang and An, 2002] , which in turn changes at multidecadal timescales in phase with the PDO. This result agrees with Zanchettin et al. [2008] , who proposed that the lowfrequency modulation of ENSO impacts on European wintertime rainfall (defined from October to March) is associated with multidecadal phases of the PDO via changes in the dynamical behavior of ENSO. The link between extra-tropical atmospheric circulation and central type El Niño events [Di Lorenzo et al., 2010] may provide one additional hypothesis explaining the apparent multidecadal modulation of El Nino influences on iEMedR by the PDO. It is worth mentioning also that the different phases of the PDO are characterised by different frequencies of ENSO events [Kiem et al., 2003; Verdon and Franks, 2006] , a feature that could be further analyzed. Finally, considering that the global warming observed since 1970's are reproduced when models include anthropogenic effect [Intergovernmental Panel on Climate Change, 2007] , human influence should be further study as a possible cause of the lack of significant El Niño impact on the fall iEMedR after this decade.
[14] This study is supported by observational analysis of both, ocean and atmospheric data, and it points to the fact of considering the changes in the mean state as a modulator factor of ENSO teleconnections, a result that has important implications in seasonal and decadal predictability. Although decadal fluctuations could be generated by physically varying teleconnections or by chance [van Oldenborgh and Burgers, 2005] , the analysis performed in the present study for specific phases of both, AMO and PDO, points to a physically coherent modulation of the El Niño-iEMedR relationship by changes in the ocean background state. Nevertheless, further analysis discerning the nonlinear responses, and sensitivity experiments with General Circulation Models (GCMs), are necessary to investigate the underlying dynamics and to test the hypothesis inferred here from the observations.
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